Abstract:This paper deals with the analysis of trends in investment in
The economic reforms initiated in 1990-91 emphasized on "set the prices right" to boost the agriculture sector. The liberalization of the economy was anticipated to result in higher investment and growth in agriculture induced by favorable terms of trade. It was expected that the gains in terms of trade would increase investment in agriculture subsequent to the liberalisation of non agriculture sector would be more important than efficiency gains flowing from the liberalisation of agricultural trade and reduction of input subsidies. The expectations, however, did not materialize. Agricultural growth slackened and investment in agriculture, particularly on public account, declined. By the late nineties the hopefulness with respect to reforms leading to a higher investment, growth and employment in agriculture had started to weaken.
A great concern has been widely expressed by several economists that public investment in agriculture has declined in the recent years, particularly investment towards creation of irrigation potential and rural infrastructure (Dantwala,1986; Rath,1989; Misra and Chand,1995; . Shetty, 1990; Kumar,1992; Misra,1996; Alagh,1994; Gulati and Bathla,2001; Chand, 2000 and Roy and Pal, 2002; Chadha, 2003; Rao and Gulati,2005) . They stressed the importance of public investment in infrastructure consisting of transport, storage, energy, etc. for the development of the agriculture sector. As such investment "for" agriculture is more relevant than investment "in" agriculture for the growth of agriculture sector. This paper deals with the analysis of trends in investment in Indian agriculture, with specific emphasis on the period of economic reforms and divided into four sections. First, the paper describes the trends in public and private investment in Indian agriculture at constant prices with its impact on agricultural GDP (Section 1). Secondly, it extends the discussion by looking at trends in investment by explanation with quadratic equations (Section 2). Thirdly, it delineates the state level analysis of the trends in public investment and private investment in agriculture. Lastly, concluding remarks are described in Section 4.
I. Trends in Public and Private Investment in Indian Agriculture
In the recent years an intense debate has been waging among agricultural economists of the country about the trends in investment and the relationship between public and private investment in agriculture in the light of the declining trend in public investment in agriculture observed since the mid-eighties. The debate is mainly centered on the complementarity between public and private investment in agriculture. Both public and private investment in Indian agriculture had shown a rising trend till the end of 1970s in India.
This led many researchers to conclude that there is a strong complementarity between public and private investment in Indian agriculture (Shetty, 1990; Mallick, 1993; Dhawan and Yadav, 1995; Gandhi, 1996) . These researchers emphasized the "crowding in" effect of public investment in agriculture in India. The opposite phenomena of a rising trend in private investment and a declining trend in public investment in agriculture observed since the 1980s has made the issue much debatable. Many scholars in recent years have challenged the operation of the "crowding in" hypothesis of public investment in Indian agriculture (Mishra and Chand, 1995; Mishra and Hazell, 1996; Mishra, 1998) .
Public investment in agriculture has played a vital role in promoting growth of agricultural output because it includes expenditures directed to agricultural infrastructure, research and development and education and training etc. It has been observed that since the beginning of 1980s gross capital formation in agriculture in public sector started coming down gradually and continued falling till early 1990s while private investment followed this declining trend only up to 1986-87, but thereafter started rising and got accelerated from 1993-94 onwards. The declining trend in public investment in agriculture in the decade of 1980s as well as in 1990s was improved since 2000-01.
On the contrary; private investment kept moving upward showing dissimilar movement in the two series since 1981-82. Ratio of gross capital formation in private sector to gross domestic product in agriculture persistently increased also with some fluctuations, while ratio of gross capital formation in public sector to gross domestic product in agriculture continuously declined in the whole period. There has been an apparent shift in the relationship of public investment and private investment in Indian agriculture in1990s and early-2000s. (Table I) . The annual compound growth rates of gross capital formation and gross fixed capital formation in public sector were negative during 1980s and 1990s. On the contrary, the annual compound growth rates of gross capital formation and gross fixed capital formation in private sector show a high rate of growth during the period 1980-81 to 2005-06 (Table II) . Private capital formation grew at a substantially higher rate and compensated the fall in the public sector capital formation. But the deceleration in rate of increase in private capital formation in agriculture during 1990s as compared to 1980s was quite notable, which provide a strong support to complementarity between capital formation in public and private sector in agriculture. The declining growth rate of GDP in agriculture during the period due to declining public investment was also the cause of serious concern.
The falling public investment in agriculture during the 1980 was mainly because of a large proportion of the resource flows to the agriculture sector going in to current expenditure on subsidies for fertilizers, irrigation, electricity, credit and other agricultural inputs, rather than investment. The rising level of subsidies in agriculture and diversion of funds from irrigation to anti poverty programmes were the real hindrances in the growth of public capital formation according to many scholars (Malliick, 1993 , Rao, 1994 , Gulati and Narayanan 2003 . Hardening resources and increasing pressure on revenue expenditure in payments of salaries and interest have crowded out capital expenditure in public account since 1980s. The deteriorating trend in central tax-GDP ratio started right from the mid 1980s was a major source of fiscal imbalances (Ahluwalia 2000; Rao, 2002) .
This fiscal crisis has negative impact on public investment of economy, particularly in agriculture sector. Public investment in agriculture began to decline in the 1980s, but initially the decline was offset by the fact that private investment in agriculture was increasing. Since the mid 1990s private investment in agriculture has stagnated while public investment has continued to decline. It is essential to reverse these trends, especially for public investment in irrigation and water resource management. It is also essential to increase public investment in rural roads and rural electrification. Success in these areas will stimulate private investment and contribute to a revival of growth momentum in agriculture.
II. Growth Rate of Public and Private Investment in Agriculture: Statistical Analysis
Chart-2: Trends in GCF, Public and Private Investment in Agriculture at Constant Price A look at the scatter plot of the data of gross capital formation in agriculture in public as well as in private sector and gross capital formation in agriculture suggests that the growth movement is non-linear. Thus, linear growth functions do not give a true picture of the trends in capital formation in agriculture.
So in this section quadratic growth equation has been estimated to explain non-linear trends in growth of gross capital formation in agriculture, gross capital formation in agriculture in public sector and in private sector. Nonlinear regression is a method of finding a non-linear relationship between the dependent variable and a set of independent variables. The relationship is second-order polynomial. That is, Y is a function of both X, and of X squared (X*X), with the two terms having different weights (b1 and b2). This is also known as the quadratic function. The quadratic regression function can be depicted as below: Y = a + b 1 (X) + b 2 (X 2 ) Accordingly, as X increases, Y increases up to some threshold. But beyond the critical point the relationship reverses itself. If "b1" was positive, and "b2" was negative, the curve would be "parabolic," but would have downward. That is, as X increases, Y increases for a time. After the threshold, however, increases in X result in decline in Y. If "b1" was negative, and "b2" was positive, the curve would also be "parabolic," but would open upward. That is, as X increases, Y declines for a time. Once X passes the threshold, however, increases in X result in increases in Y (Hannemen, 2003 It was notable that the coefficient for the first term is negative and that the coefficient for the squared term is positive for all dependent variables. Over time the level of GCFag and GCFpb decreases at first but then turns positive beyond the threshold. Now we can determine the threshold value. This is the point where the first derivative of the regression function is zero. For the 2nd order polynomial, this value is b1/-2(b2). The value of "threshold" or "turning point" of the quadratic growth function was 4.29 for GCFag and 19.51 for GCFpb in agriculture. These threshold values indicate that upto 1983-84, the GCFag declined. Beyond that point the GCFag increases. GCFpb in agriculture declined upto 1998-99 and after that point it moved upwards.
III. State-wise Trends in Public and Private Investment in Agriculture
Capital formation at state level assumes dominant importance in the context of policy making and balanced regional development by economists. Public investment in agriculture is also the accountability of the States, but many States have neglected investment in infrastructure for agriculture. There are many rural infrastructure projects, which have started but are lying incomplete for want of resources. The overall public expenditure on agriculture is dependent on the resources available to the States, which has declined in all the states over a period of years.
III.1 Public Investment
The trends in capital expenditure on agriculture and allied heads from public account in major states at constant prices (1993-94 Prices) are presented in Table III . The investment series at 1993-94 prices have been prepared by deflating the current price series by implicit price deflator used by the CSO for capital formation in agriculture sector. For the sake of clarity, the study have classified the entire period into five sub periods coinciding with the phases of agricultural development and declining public expenditure by states. Major state wise Capital expenditure on agriculture at constant prices (at 1993-94 prices) showed a different scenario. Government capital expenditure in Andhra Pradesh and Maharashtra has continuously increasing in all the sub periods while declining trend can be seen in Haryana, Himachal Pradesh, Orissa, Madhya Pradesh and Uttar Pradesh till the third period of 1990-91 to 1994-95. The decline was very sharp during II and III period for all states except Andhra Pradesh and Maharashtra. The decline continued during the IV period in Jammu & Kashmir. Average Capital expenditure on agriculture in Assam, Bihar and Uttar Pradesh remained nearly stagnated during III and IV periods. Capital expenditure dropped sharply during II period in southern and western states like Kerala, Karnataka, Tamil Nadu, Gujarat, and Rajasthan. In Punjab, annual investment declined continuously from I period excluding III periods. The investment pattern in Punjab seems to be highly affected by the rise of militancy movement in the state. Public investment in the state was severally curtailed during late 1980s and early 1990s with the rise of militancy, as more and more resources were diverted to control the militancy movement (Chand, 2000) .
III.1.1-Per Hectare Public Investment
Capital expenditure was computed on per hectare basis also to evaluate the relative position of different states by dividing total capital expenditure at constant prices (1993-94 prices) by net sown area of the states. Among major states capital expenditure on agriculture remained highest in Jammu and Kashmir in all the five periods. As this state have the benefit of special status in the country, it has been receiving special aid for various agricultural development schemes (Chand 2000) .
Variation in per hectare annual expenditure incurred on capital formation in agriculture by different states show not any consistent trend in per hectare capital expenditure for agriculture in most of the states. Punjab Gujarat and Maharashtra allocated highest resources to development for agriculture during different periods. Per hectare public capital invested in agriculture was lowest in Rajasthan during the entire period. Other states with low per hectare investment are Tamil Nadu, Rajasthan, Uttar Pradesh and West Bengal.Punjab shows steep fall in capital expenditure since I period. Madhya Pradesh, Orissa and West Bengal has also been spending not only lesser resources but nearly stagnant amount since 1999-2000, for farm infrastructure. There were two distinct patterns in Bihar -moderately rising trend since II period and very sharp fall thereafter. In Haryana per hectare public investment in agriculture followed declining trend since 1980-81 to 1984-85, which dipped to lowest level in III period of 1990-91 to 1994-95, and increased thereafter. 
III.1.2 Share of Public Investment in NSDP Agriculture
The intensity of agricultural investment, measured as public investment in agriculture as percent of NSDPag showed a fluctuating pattern in all the states (Table V) . In nine out of 17 major states in I period and seven out of 17 major states, in II and III periods, the ratio of public investment as % of agricultural NSDP is lower than that for the country as a whole. A decline in the ratio during I to IV periods is observed for most of the states, particularly so in the case of Haryana and Punjab which is the matter of serious concern because they are the front runner states in terms of agricultural productivity. Thus there is a need for higher investment on public account to sustain the productivity level. Besides Maharashtra and Jammu and Kashmir, agricultural investments as percent of NSDPag in Gujarat on public account increased continuously during II period to V period. Assam and Andhra Pradesh invested less than 3.5 percent of agricultural NSDP for capital formation in agriculture during I to IV period. Haryana is agriculturally progressive state; its allocation of NSDP agriculture to farm investment remained lower than the national average in percent term during I to III periods.
West Bengal remained at the bottom throughout in respect of agricultural investment as percent of NSDPag. In Bihar, share of public investment in agricultural NSDP dropped from during III and IV periods. At all India level, 4.1 percent of net domestic product from agriculture sector was invested for capital formation in agriculture by public sector during the first five years of decade of 1980s. However, during the second half of 1980s public resources spent for agricultural infrastructure declined to 2.9 percent of net domestic product from agriculture and the decline continued during 1990s.
III.1.3 Share of Public Investment in Total NSDP
The table reveals a depressing picture about public investment in agriculture sector by states. For the country as a whole, only about 0.5 percent of national income was ploughed back for capital formation in agriculture sector during II to V periods. Same trend can be seen from data series of state wise ratio of public capital expenditure in total NSDP. This share kept falling in all the states over time with some fluctuations. West Bengal yet again remained at the bottom throughout the periods in respect of agricultural investment as percent of NSDP total along with Tamil Nadu. Assam, Andhra Pradesh, Haryana, Himachal Pradesh, Kerala and Uttar Pradesh invested less than 1.0 percent of total NSDP for capital formation in agriculture during II to V periods.Bihar spent second highest proportion of NSDP on agricultural investment. 
III.2 Private Investment
There are no direct data available on annual basis for compilation of capital formation in agriculture in the private sector at state level. Time series data on private investment is provided by the CSO but only at the country level. However, the RBI-NSSO have been conducting country-wide survey of debt and investment (AIDIS) at decennial intervals since 1951-52. State wise estimates of fixed capital formation in agriculture on private account at decennial intervals as revealed by RBI and NSSO surveys are presented in Table III.16 and Chart III.14.
To make inter state comparison, fixed capital formation in agriculture has been computed on per hectare of net sown area basis at 1993-94 prices for all three points of time. 110  283  684  362  307  347  Assam  12  19  44  163  83  88  Bihar  39  79  83  167  122  61  Gujarat  98  201  682  361  258  384  Haryana  82  169  761  802  577 
IV. Conclusion
Analysis with investment series has confirmed deceleration in public investment both at national and state level. During early phase, the share of public and private sectors in total investment was almost equal, and there has been a steady rise in the share of private investment since mid eighties. There are undeniable evidences of decline in investment in real terms after the eighties. Public investment in agriculture began to decline in the 1980s, but initially the decline was offset by the fact that private investment in agriculture was increasing. Since the mid 1990s private investment in agriculture has stagnated while public investment has continued to decline. After 2000-01, public and private investment in agriculture moved in upward direction and revealed increasing trends. In state level analysis, declining trend of public investment in real terms across the board in most of the states since mid 1980s also has been reported. Share of GFCF in agricultural GDP was lower in 1990s than in 1980s. The falling public investment in agriculture during the 1980 was mainly because of a large proportion of the resource flows to the agriculture sector going in to current expenditure on subsidies for fertilizers, irrigation, electricity, credit and other agricultural inputs, rather than investment. Diversion of funds from irrigation to anti poverty programmes and increasing pressure on revenue expenditure in payments of salaries and interest were the real hindrances in the growth of public capital formation according to many scholars.
In Indian agriculture, which continues to provide livelihood for more than half of the population, pro developed countries" policies after 1991 had acute adverse effects. The self-sufficiency in food production after green revolution was built with government support; like price supports, credit assistance and marketing facilities, which led to the creation of a network of institutional support structures in rural areas. The reform process in India significantly weakened the structural support through declining public investment "in" agriculture as well as "for" agriculture. As part of fiscal reforms, major input subsidies were brought down relative to the size of the agricultural economy. Public capital formation in agriculture continued to fall, and the growth of public expenditure on research and extension slowed down. The expansion of rural credit was arrested and informal sector again trapped the poor farmers. The new strategy of agriculture growth and diversification of agriculture from traditional crop cultivation to horticulture etc. would require more investments on cold storage, rural roads, communication, marketing network and facilities, warehouses etc. Simultaneously efforts should be made to revitalize agriculture through introduction of bio-technology and other innovations. This would require substantial increase in investment on research & development for agriculture. Over the period of economic reform, agricultural growth rates slowed down significantly. Most importantly, the rate of growth of food grain production slowed down, and fell behind the population growth rates for the first time after independence. The spate of farmers" suicides reported from some states reflects the distress condition of agriculture after 1991. A reversal of neo-liberal policies in agriculture has become absolutely essential to revive the livelihood systems of rural households in India.
